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: Application of sorting dependent criterias in determination of volume and area bruising of " Vol 44, No. 1, [177] [178] [179] [180] [181] [182] [183] [184] [185] [186] [187] Apple fruits are subjected to different loading damage from harvesting to supermarket shelf. Bruising has been attracted many researchers as one of the most important damage criteria. In this research, the effects of some factors such as counter-face material, drop height and linear velocity of apples (conveyor speed) were investigated. Influence of these factors on bruising of "Golab-Kohanz" variety was analyzed by a Completely Randomized Design (CRD) with factorial test at three levels of drop height (10, 20 and 30 cm), conveyor speed (0.05, 0.1 and 0.15 ms -1 ) and four counter-face materials (wood, steel, plastic and cardboard). Tests were conducted at three replications with 108 treatments. Analysis of variance results showed that the effects of drop height and counter-face material on bruising area at 1% level was significant while bruising INTRODUCTION Phenological researches provide useful information about ecology. A large percentage of apples are wasted each year due to mechanical injury. Mechanical injury that can be taken place during harvesting, packaging, handling, sorting and transport represents a serious hazard to quality and that also has a potential to reduce significantly the value of the product. Avoiding mechanical injury might result into less need for fungicides that can prevent diseases (KNEE & MILLER, 2002) . Bruising is the most common type of postharvest mechanical injury in the most fruit species including apples (LEWIS et al., 2007; DINTWA et al., 2008) . STUDMAN (1997) indicated that apple bruising can increase the product losses up to 50%, although loss levels are typically in the 10-25% range depending on consumer awareness. Therefore, the challenge between agro-industry and research scientists in this subject has been improved fruit handling techniques and machinery to minimize these losses. In order to understand the mechanics of bruising, extensive studies of apple bruising have been previously carried out using different techniques, such as drop and pendulum tests and with spring loaded devices to propel apple fruits against a counter face (MOHSENIN et al., 1978; CHEN & YAZDANI, 1991; PANG et al., 1994; GARCIA et al., 1995; RAGNI & BERARDINELLI, 2001; BOLLEN et al., 2002 ; VAN ZEEBROECK et al., 2003) . Also, some researchers have simulated bruising using physical impact (MOHSENIN et al., 1978; SIYAMI et al., 1988; GAN-MOR & MIZRACH, 1992; PELEG, 1984; GAN-MOR & GALILI, 2000) ; Discrete and finite element ; VAN ZEEBROECK et al., 2003 , 2006 LEWIS et al., 2007; DINTWA, 2008; CELIK et al., 2011) , and electronic fruit (ZAPP et al., 1990; TENNES et al., 1990; PANG et al., 1994; GARCIA-RAMOS et al., 2003 . There are currently no agreed criteria on which to assess the extent of bruising. Most research laboratory used bruise volume as the bruise evaluation parameter, while in practice there is a greater interest in commercially significant bruise damage parameters such as the visible surface area or the threshold for visible bruising assessed negatively by the consumers. Therefore, in this research both bruising area and volume were considered as the evaluation parameters.
Studies of harvest and postharvest systems have shown that most bruising occurs as a result of impact against a variety of surfaces and different drop heights. Also, sorting the fruit velocity on conveyors may affect the bruising. In this work the focus was on the bruising area and the volume due to single impacts as this appeared to be the most prevalent.
The aim of this study was to understand the effects and interactions of drop height, conveyor speed (apple velocity) and counter-face material on bruising area and volume of "Golab-Kohanz" apples. A mechanism was developed to control each treatment and it can be used to optimize the design of processing equipment to reduce the likelihood of apple bruise formation resulting from impact loads.
MATERIALS AND METHODS

Test rig
A test rig was developed to evaluate the different parameters such as drop height, fruit velocity and contact surface material ( Figure 1 ). It was relatively simple and comprised of chassis, electromotor, belt conveyor and fruit receiving box. The 0.5 hp electromotor (1200 rpm) was controlled by an inverter to set up the conveyor at desired speed. The drop height was adjusted by vertical movement of the fruit receiving box up to 50 cm. Also, counter-face material at the bottom of receiving box was able to change. Sample preparation "Golab-Kohanz" apples were carefully harvested from a commercial orchard at harvesting time and used for tests. This variety was chosen due to its pale skin, which means any discoloration from bruising is more evident. A sample of 108 apples was randomly selected for tests on the same day. The apples were sorted into categories and the weights were recorded individually (DADASHPOUR et al., 2010) . Apple weights ranged from 176 to 205 g. Most categories of apples did not have more than 12% difference in mass, and the greatest difference was 18.2 g.
Test procedure and bruise evaluation
Before starting the tests, adjustments were performed for each treatment. Each apple was put on the belt conveyor and was dropped from heights ranging from 10 to 30 cm (to cover the range of possible heights at packaging and sorting) onto wood, steel, plastic and cardboards. Tests were repeated for each height and conveyor speed on different counter-face materials three times to ascertain the range of results. Apples were left for 48 h after dropping for the bruises to develop fully. The bruising area (BA) was determined by measuring the width (2a and 2b, as shown in Figure 2 ) and assuming they were elliptical (LEWIS et al., 2007) . Also, Bruise volume (BV) was calculated using the elliptical bruise thickness method (MOHSENIN, 1970) . This calculation method has been compared with a range of others and found to give the most accurate results (BOLLEN et al., 1999) . They are given by:
The used parameters are defined in Figure 2 . 
Data analysis
Data were analyzed by a CRD with factorial test at three levels of drop height (10, 20 and 30 cm), linear velocity (0.05, 0.1 and 0.15 ms -1 ) and four contact surface materials (wood, steel, plastic and cardboard). Tests were conducted at three replications with 108 treatments. The data were processed with the statistical software package SAS (SAS Version 8.2, The SAS Institute Inc., Cary, NC, USA). Table 1 shows the analysis of variance related to the drop height, conveyor speed and counter-face material and their interactions on the bruise area of "GolabKohanz" apple. It can be observed in Table 1 that drop heights and counter-face materials had highly significant effect (P<0.01) on the bruise area while the effect of conveyor speed on the bruise area was not significant. Also, the interactions of the parameters on the bruise area were not significant. The average value of apple bruise area (calculated using equation (1)) after each drop from different heights against a variety of counter-face materials are shown in Figure 3 . As can be seen the bruise area differs significantly between levels of drop height. In relation to the counterface materials no significant differences were observed between wood, steel and plastic materials but they significantly differ from cardboard material. The mean value of bruise area for the cardboard (82.3 mm 2 ) was lower than industry threshold for bruise area (100 mm 2 ) reported by Pang et al. (1994) . The largest bruise area is seen on steel and wood materials. Since bruise area is relatively easy to measure, this could be a useful approach to large scale rapid experimental estimation of bruise susceptibility. 
RESULTS
Bruise area
Bruise volume
Effects of drop height, conveyor speed and counter-face material on the bruise volume are shown in Table 2 . Among the variables only counter-face materials had a significant effect (P<0.01) on the bruise volume. The ANOVA (Table 2) revealed that the drop height and conveyor speed as well as the interactions of the parameters had no significant effect on the bruise volume. The bruise volume (calculated using equation (2)) was determined at different drop height, conveyor speed and counter-face materials. The results are presented in Figure 4 . The bruise volume values showed significant difference among the counter-face materials, except for wood and steel. The lowest and highest mean values of bruise volume was obtained for cardboard (411.5 mm 3 ) and steel (824.7 mm 3 ), respectively. The relationship between the bruise volume and bruise area is shown in Figure 5 . As it is evident, while there was clearly a close relationship between bruise volume and bruise area, the two were not completely correlated, since the depth of the bruise could vary independently of bruise area. Tables 1 and 2. According to Table 1 , apple bruise area was affected by drop height and counter-face materials. As figure 3 shows increasing the drop height from 10 to 30 cm considerably increased the bruise area, confirming previous study by DINTWA et al (2008) . Mean value of bruise area increased approximately 60% when the drop height increased from 10 to 30 cm. Initial observations showed that the shape of most bruised areas were generally ellipsoidal, and so the bruise area was measured by determining the major and minor diameters of the ellipse. Therefore, there is a direct relationship between diameters and bruise area so that an increase in drop height could be resulted in a higher bruise area that is agree with results by MOHSENIN et al (1978) . By knowing the industry threshold for bruises (100 mm 2 ), one can determine at what drop height this is exceeded for each of the counter-face materials. It is very useful information when designing equipment for harvesting, sorting or packaging. Drop heights can be reduced to levels below those that could give a bruise area over the industry threshold. Therefore, with reducing the drop height to lower than 10 cm, the bruise area will be close or under this threshold. According to Table 2 and Figure 4 the bruise volume did not affect by the drop height. As equation (2) shows the relationship between bruise volume, depth and dimensions are nonlinear and complex. Based on this, probably, non-significant effect of drop height on bruise volume could be due to this reason and it is difficult to interpret. The results of this study indicated that increasing the drop height may have no influence on bruise volume. This finding is in agreement with those found by LEWIS et al. (2007) for cardboard and rubber materials. However, he reported that for steel and wooden materials the drop height significantly affected the bruise volume. The difference in the results should be due to the fact that the drop height used was different to those used in this work or due to the use of different methodologies and different apparatus for determining the bruise volume. The conveyor speed had no significant effect on the bruise area and volume. Also, the interactions between factors were not significant (Table 1 and 2; Figures 3 and 4) . The smallest bruise area and volume were seen when using cardboard and the largest with steel and wood (Figures 3 and  4) . This is in agreement with observations made by LEWIS et al. (2007) during tests with different counter-face materials. This fact was expected because using counterface materials with a higher energy absorbing capacity (cardboards) led to smaller apple bruises. However, the plastic still gave relatively large bruise area, because it was made of low elasticity material. Although bruise volumes have been calculated throughout the work, it is probably bruise areas that are more important as these are visible and used to define the threshold used.
